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showing main building at Twenty-fourtli 
and H Streets NW,,WBalilngton,IJ,C. Here 
are located tbe admlniaUatlve offices; the 
principal forecasting officials and facilities for 
the United States; the shi^s aod labraatcrles 
where all tnstnunenla aie tested, and man; 
are made complete for use by the bureau sta- 
tions; tbe cltmatoIoglcaldivisioD, which super- 
vises the puhlicat ion of weather data monthly 
fiH- every Important place In the tJnlted 
states; one of the best meteorological llbrarifs 
in the world; and printing, telegraph, sup- 
plies, marine, and accounts dlvlslcns whcse 
operations cover all tbe statlcras in the service. 

2. Cooperative Weather OasEBVEita' 

Equipment. . . - - 25 

Maximum and minimum thermometers 
exposed iu thermometer shelters, and rain 
gauges for coUectlDg rain and snow; these are 
obwrved dally by more than 4,000 public- 
spirited persons for the benefit of theli com- 
munities. 



Measures wind velocity, and makes an auto- 
motio remrd cmitlnuously of the wind, sliaw- 
Ing rate and time of occurrence ol all winds. 

4. Kite 

Carries meteorograph; used lor obtaining 
records of weather elements In the upper at- 
mosphere. TblslnlormatloQ ban aid In f«^ 
casting. 
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Fig. 5. Thermooraph 28 

Writes tlie teiiip«rature oontiiiDDUsly, on 
clock time. 

6. Kite Meteorograph 29 

Deslgnad by C. F, Uarvia. Records wind 
velooitr,t*mperalurB, pressure of atmosphere, 
and luunldit; continuously wliile being cu- 
rled alolt by the kite. 

7. Eain Gatjob - . . 30 

ol every hundredth of an Infh of rainfall, indi- 
cating the time oI hegiimlng and endli^ and 

a. Weekly Float Eain Gauob 31 

Designed by C. F. Marvin. An improved 
gage for makli^ automatic record oI rainfall 
for long periods of time without attention. 
Shields designed to control wind eddies about 
the gage. 
9. Shielded Snow Gauob 32 

Devised hy C. F. HarvlQ. Especially de- 
signed lor use In mountainous and other windy 
regions; and lo increase the accuracy of the 
catch of snow hy controlling wind eddies aboot 
the gauge. May he exposed in remote regions 

10. Weather Bureau Obsekvatoby. . 58 
Uwd as offlcea, also as residence for official 
in chai^. This buHding, located at Diilnth, 
Is typical of the score or more owned hy the 
bureau. Better instruraentsl exposures are 
often obtalnahle at these observatories, and 
better and cheaper service from otBclals. This 
view also shows a lower carrying stonn-wam- 
ing lanterns tor beDeflt of lake commerce. 
Similar towers are scattered throughout the 
Great Lakes and Atlantic, PaciHc, and Gull 
coasts in all important harbors. 
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THE UNITED STATES WEATHER 
BUREAU. 

AS an institution the Weather Bureau 
. exhibits the growth and development 
of moteorolt^ and its practical applica- 
tion through the medium of the electric 
telegraph in the performance of a system- 
atic and continuous service to the public, 
consisting of daily weather and tempera- 
ture forecasts, warnings of frost, cold 
waves, storms, floods, and other features 
of atmospheric conditions, all in the in- 
terest of (^culture, commerce, and navi- 
gation. The observation of atmospheric 
phenomena began with the dawning in- 
telligence of man. The invention of the 
barometer, thermometer, hygrometer, 
and other meteorological instruments 
enabled accurate observations to be 
made, from the study of which some of 
the laws that govern the changes in these 
phenomena have been deduced. The 
importance of a foreknowledge of weather 
changes in the conduct of the daily af- 
fairs of life was early recognized. The 

Fast flvt 

u.s.ioMt, Google 



United States Weather Bureau 

invention of the telegraph made the dis- 
semination of this information possihle, 
and practical meteorologists soon began 
to formulate plans for the preparation 
and effective distribution of weather 
forecasts and warnings. These efforts 
led to the oi^anization of weather bu- 
reaus, some of them antedating our own, 
in nearly every civihzed country. The 
cordial cooperation of these national bu- 
reaus in the general interchange of data 
and knowledge has tended to marked in- 
crease in the value of the respective serv- 
ices to the community at large. 

HISTORICAL. 

The Weather Bureau of the United 
States has reached its present develop- 
ment mainly under three organic laws. 
The first was a joint resolution approved 
February 9, 1870, which is as follows: 

Be U resolved by (Ae Senate and House of Repre- 
sentatives of the United Stales of Amerioain Congress 
assembled, That the Secretary of War be, and he 
hereby ia, authorized and required to provide ior 
takii^ meteorological observations at the military 
st&tionsin the interior of the continent and at other 
points in the States and Territories of the United 
States, and for giving notice on the northern lakes 
and on the seacoast, by m^netic tel^raph and 
marine signals, of the approach and force of stomiB. 
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In compliance with the appropriation 
bill of 1871, reports relative to the stages 
of water in the rivers were added to the 
above. The appropriation bill approved 
June 10, 1872, provided: 

For expenses of storm aignala announcing the 
probable approach and force of Btorma throughout 
the United States, for the benefit of commerce and 
agriculture; and Uiat the Secretary of War be, and 
hereby is, authorized and required to provide, in 
the system of observations and reporta in chaJge of 
theehief signal officer for such stations, reports, and 
signals aa may be found necessary for the benefit of 
agriculture and commercial interests. 

In the act transferring the meteoro- 
logical work of the Signal Office to the 
Weather Bureau of the Department of 
Agriculture, approved October 1, 1890, 
the duties of the service are thus sum- 
marized: 

The Chief of the Weather Bureau, under the di- 
rection of the Secretary of Agriculture, shall have 
charge of f orecaating the weather ; the issue of storm 
warnings; the display of weather and flood signals 
for the benefit of agriculture, commerce, and navi- 
gation; the gauging and reporting of rivers; the 
maintenance and operation of seaoiast telegraph 
lines and the collection and transmission of marine 
intelligence for the benefit of commerce and navi- 
gation; the reporting of temperature and rainfall 
conditions for the cotton interesia; the display of 
frost, cold-wave, and other signals; the distribution 
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of meteorological information in the interest of 
Bgricultvire and commerce; and the taking of such 
meteorological obaervationa aa may be necessary to 
eslabliah and record thi; climatic conditions of the 
United States, or are esBential tor the proper exe- 
cution of the foregoing duties. 

The acts of Congress indicate that the 
meteorological service of the United 
States has passed through three distinct 
epochs, each of which has been natural 
in the practical development of this 
branch of science. The laws are, in fact, 
but the crystallized expression of the 
outcome of years of experience on the 
part of those interested in meteorology. 
Thus, the laws of 1871 and 1872 mark 
the end of a long agitation, the purpose 
of which was to persuade Congress that 
forecasts of the weather were practicable 
in the United States and that an organ- 
ized systematic effort to give the pubhc 
due warning of the approach of storms 
was worth a trial. The oi^anization of 
this service was intrusted to the Signal 
Service of the War Department. At first 
the service was for the benefit of naviga- 
tion on the seacoast and on the Great 
Lakes, but it was soon extended so as to 
include the interior districts and the 
great rivers of the central valleys. 
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The benefits of the weather service 
were readily appreciated by nearly every 
industry and every department of our 
complex civilization, lleports on cli- 
matic conditions were demanded for the 
farmer, and observations and warnings 
for the public and for railroad and water 
carriers. Hence, it soon became neces- 
sary to enlarge the scope of the service 
so as to include agriculture and com- 
merce as well as navigation and to extend 
the sphere of the meteorologist to cover 
the study not only of the dynamics and 
motions of the atmosphere, but of chma- 
tology (the prevailing temperature and 
rainfall), together with their effecta upon 
human life. This great enlai^ement of 
the original idea regarding the scope of 
the work gradually produced an environ- 
ment which became less suited to the 
duties inherent in the purely military 
service that had so successfully fostered 
this very growth through 20 years, tiU 
at length it was concluded that a more 
strictly scientific bureau could better 
carry on the work. Accordingly, the 
second epoch came to an end on July 1, 
1891, when the Signal Service of the 
War Department was reheved of its 
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meteorological duties and the Weather 
Bureau of the Department of Agriculture 
was oi^anized and chained with the 
future of meteorology in the United 

States. 

OBSERVATIONS AND FORECASTS. 

To the general pubhc the Weather 
Bm-eau is probably best known through 
the medium of its daily forecasts and 
weather maps. These forecasts are based 
upon simultaneous observations of local 
weather conditions taken daily at 8 a. m. 
and 8 p. m., seventy-fifth meridian time, 
at about 200 regular observing stations 
scattered throughout the United States 
and the West Indies, and upon similar 
reports received daily from various points 
in other parts of the Northern Hemis- 
phere. Each of the Weather Bureau 
stations is operated by one or more 
trained observers, and is equipped with 
mercurial barometers, thermometers, 
wind vanes, rain and snow gauges, and 
anemometers, and many of them with 
sunshine recorders, barographs, thermo- 
graphs, and other devices which make a 
continuous automatic record of the local 
x^eather conditions and changes. The 



"jIc 



United Slates Weather Bureau 

results of the twice-daily observations are 
immediately telegraphed to the central 
office at Washington, D, C, and other 
forecast centers where they are charted 
for study and interpretation by experts 
trained to forecast the weather condi- 
tions that may he expected to prevail 
during the following 36 to 48 hours. 
A complete telegraphic report includes 
the following data: Temperature, pres- 
sure (reduced to sea level), precipitation, 
direction of wind, state of weather, cur- 
rent wind velocity, and maximum or 
minimum temperature since last observa- 
tion. From tliese data the forecaster, by 
comparison with preceding reports, is 
able to trace the paths of storm areas 
from the time of their appearance to the 
moment of observation and approxi- 
mately determine and forecast their 
subsequent courses and the attendant 
weather conditions. 

A careful comparison of the forecasts 
with the weather for the periods covered 
show an approximate verification of 90 
per cent. 

Weather services similar to that of the 
United States are maintained by the 
Canadian and Mexican Govemmenta, an9 ' 

PaQc Eleven 



United States Weather Bureau 

by a system of interchange daily reports 
are received from a number of stations in 
those countries. Daily observations are 
also received from the Azores, Iceland,* 
the Faroe Islands,* Great Britain,* Ger- 
many,* France,* Portugal, European and 
Asiatic Russia,* China, Japan, the Philip- 
pines, Hawaii, and Alaska, so that the 
field represented by the daily reports 
extends over practically the entire North- 
em Hemisphere. 

The system for the collection and dis- 
tribution of telegraphic reports of obser- 
vations is so arranged that all of the prin- 
cipal stations in the United States receive 
8 a. m. reports from a sufficient number 
of other stations to represent the general 
weather conditions over a considerable 
portion of the country. 

Forecast centers have been established 
at Chicago, 111.; New Orleans, La.; Den- 
ver, Colo.; San Francisco, Cal.; and Port^ 
land, Oreg. At the three first named, 
morning forecasts only are prepared and 
distributed; at the last two, both morn- 
ing and evening forecasts are prepared. 
The Chicago district comprises the upper 
Mississippi Valley and the Northwest; the 

.ti > Suspended during the Eiuopecm war. 
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New Orleans district, Louisiana, Texas, 
Arkansas, and Oklahoma; the Denver 
district, Utah, Colorado, New Mexico, 
and Arizona; the San Francisco district, 
California and Nevada; and the Portland 
district, Washington, Oregon, and Idaho. 
Forecasts are issued at Washington, D.C., 
for all portions of the United States not 
included in the aforementioned districts, 

DISTRIBUTION OF FOHECA8TS. 

Withm two hours after the morning 
observations have been taken the fore- 
casts are telegraphed from the forecast 
centers to about 1,600 principal distribute 
ing points, whence they are further dis- 
seminated by telegraph, telephone, wire- 
less telegraphy, and mail. The forecasts 
reach nearly 90,000 addresses daily by 
mail, the greater part being delivered 
early in the day and none later, as a rule, 
than 6 p. m. of the day of issue, and are 
available to more than 5,500,000 tele- 
phone subscribers within an hour of the 
time of issue. This system of forecast 
distribution is wholly under the super- 
vision and mainly at the expense of the 
Government, and is in addition to and 
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distinct from the distribution effected 
through the press associations and the 
daily newspapers. The rural free mail 
delivery system and rural telephone lines 
are also being utihzed to bring within the 
benefits of this system a lai^e number of 
farming communities. 

THE WEATHER MAP. 

The weather map is mailed immedi- 
ately after the morning forecast is tele- 
graphed. On this map the salient fea- 
tures of current weather conditions 
throughout the country are graphically 
represented. The map also contains the 
numerical values of temperature, pre- 
cipitation, etc., from all the observing 
stations, and in addition a small amount 
of text describing concisely the main 
features presented by the map. In order 
that all sections of the country may 
receive weather data, maps or bulletins 
containing the data in tabular form are 
issued from about 108 of the larger sta- 
tions. The maps issued at Washington 
and other forecast centers contain 
detailed forecasts for the respective fore- 
cast districts, while other station maps 
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and bulletins contain forecasts only for 
the localities in which they are dis- 
tributed. 

NEWSPAPER WEATHER MAPS. 

In addition to the maps before de- 
scribed, a small weather map is printed 
in the newspapers of some localities from 
a cast made by the Weather Bureau at 
its nearest local office. Inasmuch as the 
map is necessarily of diminutive propor- 
tions, and since the newspaper publish- 
ing it can not afford, as a rule, to give up 
the space to publish the numerical values 
on which the map is baaed, the bureau 
does not encourage the issue of news- 
paper weather maps. 

OCEAN METEOKOLOQICAL SERVICE. 

The ocean meteorological service aims 
to collect, through the cooperation of 
vessel masters and others, meteorologi- 
cal observations at sea. It provides 
blank forms for reporting said observa- 
tions, collects and charts them, reduces 
them to mean values, and prepares the 
results for publication on the Pilot Charts 
for the several oceanic areas issued by the 
Hydrographic Office of the United States 
Navy. 
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COLLECTION AND DISTHIBUTION OP 

WEATHEK INFORMATION BY RADIO 

SERVICE. 

The recent development in the art of 
radio-telegraphy has made possible the 
transmission of meteorological observa- 
tions made by ships at sea to shore ata^ 
tions, thence by land lines to a central 
meteorological serivce. 

The Weather Bureau has organized a 
system of meteorological observations on 
vessels navigating the coastal waters of 
the Middle and South Atlantic States, 
the Gulf of Mexico, and the Caribbean 
Sea, the primary object being to gain 
information of subtropical storms which 
occasionally traverse the waters above 
named. Observations are made on up- 
ward of 50 vessels and transmitted by 
radio service to shore stations, thence to 
the central office of the Weather Bureau, 
where they are charted on the twice- 
daily synoptic charts and used in making 
forecasts and warnings, A similar serv- 
ice is also maintained on the Pacific 
coast. Distribution of weather infor- 
mation, forecasts, and warnings, is made 
daily through the cooperation of the 
radio service of the United States Navy. 
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VESSEL 8EPOBTING. 

Another service to shipping performed 
by the Weather Bureau ih the reporting 
of vessels passing exposed points on the 
Atlantic, Gulf, and Pacific coasts to the 
owners and also to the great shipping 
centers. This work is carried on only 
where the conditions are not such as 
to warrant commercial interests taking 
i of it. 



MOUNTAIN SNOWFALL MEASUREMENTS. 

Several hundred stations are main- 
tained in the elevated regions of Wash- 
ington, Oregon, California, Idaho, 
Utah, Montana, Wyoming, Colorado, 
South Dakota, New Mexico, and Ari- 
zona for the purpose of obtaining precise 
measurements of the depth and water 
content of the snow which falls in the 
elevated portions of those States. Such 
measurements are useful in determining 
approximately the amount of water 
available for irrigating purposes on the 
adjacent lowlands. In Utah special ob- 
servation work has been concentrated in 
one or more small watersheds, where a 
great number of measurements are made, 
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and eventually the water available for 
irrigation is determined with considerable 
accuracy. 

CLIMATOLOGICAL 8BBVICE, 

Although the 200 regular observing 
stations, each representing about 15,000 
square miles of territory, furnish suflS- 
cient data upon which to base the various 
forecasts, observations at many inter- 
mediate points ore necessary before the 
climatology of the United States can be 
properly studied. This need has given 
rise to the establishment of an important 
and interesting feature of the Weather 
Bureau in its Climatological Service, 
which is divided into 44 local sections, 
each section, as a rule, covering a single 
State, and having for its center a regular 
observing station. These centers each 
month collect temperature and precipi- 
tation observations from more than 4,500 
cooperative and other stations, and pub- 
lish each a monthly and an annual sum- 
mary, giving a large amount of climato- 
logical data for each month and the year. 
During the crop-growing season (April 
to September, inclusive), each section 
center also receives weekly reports of 
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weather and crop conditions from numer- 
ous correspondents. During the same 
season the central office at Washington 
issues a National Weather and Crop Bul- 
letin containing a general summary of 
weather and crop conditions for the en- 
tire country, as well as individual sum- 
maries for the various States. It also 
contains a series of charts and diagrams 
showing graphically the actual and nor- 
mal conditions of precipitation and tem- 
perature for the current week and for the 
preceding weeks of the season in the 
principal crop^owing areas. The dia- 
grams also contain data showing the 
condition of the principal crops in those 
areas from month to month, as furnished 
by the Bureau of Crop Estimates. There 
is Issued at the central office every 
Tuesday during the winter a publication 
entitled "Snow and Ice Bulletin," which 
shows the area covered by snow, the 
depth of snow, and the thickness of ice 
in rivers, etc., as indicated by a large 
number of reports of observations made 
on the afternoon of the day preceding the 
issue of the bulletin. This publication is 
of especial value to those interested in 
the winter-wheat crop, to ice dealers, and 
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to the manufacturers of rubber goods and 
other articles, the sale of which is largely 
affected by the presence or absence of 
snow and ice. During the growing season 
in the cotton, com, wheat, sugar, rice, 
broom com, and cattle producing sections 
designated centers receive telegraphic re- 
ports of precipitation and daily extremes 
of temperature for pubhcation in bulletin 
form, each local center receiving con- 
densed reports from all others. 

SPECIAL PUBLICATIONS. 

By the assistance of several thousand 
cooperative observers, many of whom 
have maintained local records for long 
periods, the Weather Bureau endeavors 
to collect special local data and thus per- 
fect the records that are needed for the 
study of the relations between climate 
and agriculture, forestry, water resources, 
and other kindred subjects. 

In the utilization of these meteorologi- 
cal data the Weather Bureau employs a 
staff of officials of high scientific ability 
who are not only engaged in the practical 
work already mentioned, but are also 
occupied in the elaboration of those fun- 
damental principles which must neces- 
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sarily play an important part in the de- 
vdopment of meteorology and its kindred 
sciences. The results of these investiga- 
tions are presented to the public through 
r^ular and special reports. 

Among the publications of the Weather 
Bureau the following are worthy of spe- 
cial notice: 

(a) The annua! report of the chief of 
bureau, including a full summary of cli- 
matic data for the United States. 

(b) The Monthly Weather Review, 
which has been published regularly since 
January, 1873, It contains elaborate 
meteorological tables and charts showing 
the weather conditions for the month" 
over the United States and neighboring 
countries and papers of unusual interest 
on climatological and meteorological 
subjects, 

(c) Climatological data for the United 
States by sections; the monthly sum- 
maries for the 42 sections comprising the 
continental United States, assembled al- 
phabetically by States, into a single vol- 
ume, with charts of temperature and 
precipitation, giving for each month quite 
complete daily climatological statistics 
for the entire country. 
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(d) A vast amount of climatological 
data has been prepared in a series of 
separates, each treating of the principal 
climatic features of a limited area, the 
complete set, 106 in all, covering the 
entire United States. Besides the gen- 
eral discussion and cUmatological tables, 
these reports contain valuable not«s 
furnished by the Geological Survey, con- 
cerning the water power of the districts 
under consideration. 

(e) The bulletins, pubhshed occasion- 
ally and now numbering about 70, that 
contuu the lai^er reports made by the 
experts of the service. 

The hbrary of the Weather Bureau 
contains about 32,000 books and pam- 
phlets, consisting principally of technical 
books on meteorology and alhed sciences 
and of pubhshed chmatological data 
from all parts of the world. It is avail- 
able to ail Weather Bureau officials and 
to students of meteorology generally, 
who either consult it personally or 
through correspondence. In addition 
to its general card catalogue, it keeps 
up to date a catalogue of the meteorologi- 
cal contents of the principal scientific 
serials of the world, 
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IN8TEUMENT8 AND APPARATUS, 

The apparatus used at Weather Bu- 
reau stations for recording weather con- 
ditions is largely the result of improve- 
ments devised by the Instrument Divi- 
sion, to which is intrusted the care of all 
standards. The kites, meteorographs, 
self-r^atering instruments, and other 
forms of apparatus devised by the 
Weather Bureau are favorably known 
throughout the world. 

The United States Government does 
not manufacture the instruments and 
apparatus employed in its meteorological 
work. These, in general, are purchased 
under formal annual contracts with 
responsible manufacturers, from whom 
instruments and apparatus of the stand- 
ard Weather Bureau patterns may be 
procured by private parties. The 
Weather Bureau will give addresses of 
manufacturers, when requested, but it 
can not act as agent in the purchase of 
instruments, and apphcants should cor- 
respond and deal directly with such 
manufacturers relative to prices and 
detaib concerning any articles they may 
desire. 
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Thermometers obtained from Weather 
Bureau contractors are not likely to be 
in error more than three-tenths or four- 
tenths of a d^ree, except possibly at 
extremely low temperatures, where the 
error may amount to as much as 1°. 

Persons who wish the errors of a ther- 
mometer accurately determined are re- 
ferred to the Director of the National 
Bureau of Standards, Washington, D, C, 
who is authorized and instructed by law 
to make official comparisons of this 
character with the United States stand- 
ards, for which work a small fee is 
charged. 
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FIG.S.— Thermoerapn. 
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FIG. 6.— Kite MotBorogrspn. 
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FIG. 7.— RalnGaug6. 
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FIG. B.— Weakly Float Rain Gauge. 
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FORECASTS AND WARNINGS. 

The extent to which the work of the 
Weather Bureau, in the collection and 
publication of data and the issue of 
weather forecasts and warnings, affects 
the daily hfe of the people and becomes 
a factor in their various vocations and 
business enterprises, already very great, 
is increasing yearly. 

Of the warnings mentioned, those of 
storms and hurricanes, issued for the 
benefit of marine interests, are the most 
important and pecuniarily valuable. 
Storm warnings are displayed at more 
than 300 points along the Atlantic, 
Pacific, and Gulf coasts and the shores of 
the Great Lakes, including every port 
and harbor of any considerable impor- 
tance; and so nearly perfect has this 
service become that scarcely a storm of 
marked danger to maritime interests has 
occurred for years for which ample warn- 
ings have not been issued from 12 to 24 
hours in advance. The reports from the 
West Indies are especially valuable in 
this connection, as they enable the bureau 
to forecast with great accuracy the ap- 
proach of those destructive ' hurricanes 
which, during the period from July to 
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October, are liable to sweep the Gulf and 
Atlantic coasts. The sailings of the im- 
mense number of vessels engaged in our 
ocean and lake traffic are largely de- 
termined by these warnings, and those 
displayed for a single hurricane are 
known to have detained in port on our 
Atlantic coast vessels valued with their 
cargoes at over $30,000,000. 

The warnings of those sudden and de- 
structive temperature changes known as 
cold waves are probably next in impor- 
tance. These warnings, which are issued 
from 24 to 36 hours in advance, are dis- 
seminated throughout the threatened 
regions by means of fl^;s displayed at 
regular Weather Bureau and subdisplay 
stations, by telegraph, telephone, and 
mad service to all places receiving the 
daily forecasts, and to a large number of 
special addresses in addition. The warn- 
ings issued for a single cold wave of ex- 
ceptional severity and extent resulted in 
saving over 13,500,000 through the pro- 
tection of property from injury or de- 
struction. 

The warnings of frosts and freezing 
weather are also of immense value, par- 
ticularly to the fruit, sugar, tobacco, 
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cranberry, and market gardening in- 
terests. The early truck raising indus- 
try, so extensively carried on in the 
regions hordering on the Gulf and south 
Atlantic coasts and in Florida, and which 
has increased so greatly in recent years, 
is lai^dy dependent for its success on the 
cooperation of the Weather Bureau in 
this particular, and the growers of oranges 
and other fruits in Florida and California 
have received groat benefit. The value 
of the orange bloom, vegetables, and 
strawberries protected and saved on a 
single night in a limited district in Flor- 
ida, through the instrumentality of warn- 
ings of freezing weather sent out by the 
bureau, was reported at over $100,000. 

In the citrus fruit districts of California 
it is reported that fruit to the value of 
$14,000,000 was saved by taking advan- 
tage of warnings issued by the bureau 
during one cold wave. 

The deciduous fruit districts of Wash- 
ington, Oregon, Idaho, Utah, Colorado, 
and throughout the East, rely upon the 
warnings of the bureau to guide them 
in smudging and heating their orchards 
for the prevention of frost in time of 
danger. 
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As an aid in protection of forests from 
fire, special "fire wind" forecasts, issued 
by the district forecasters, are utifized by 
foresters in Washington, Oregon, Idaho, 
Cahfomia, and Minnesota. 

BIVEB AND FLOOD SERVICE. 

Human life and lai^e property interests 
along the rivers of the United States are 
safeguarded by the issue of flood warnings. 

The river and flood service is organized 
with its principal headquarters at Wash- 
ington, D. C, and subsidiary district 
centers at advantageous points on the 
respective rivers along which a service is 
maintained. About 60 district centers are 
maintained outside of Washington, D. C. 

Measurements of precipitation on the 
headwaters of the stream and observa- 
tions of the height of water on the gauge 
at upstream points are collected by tele- 
graph or telephone, and serve as the basis 
for warnings of floods in the lower reaches 
of the stream, A second useful purpose 
is served on navigable streams, viz, that 
of giving notice of boating stages during 
the low-water season. 

The occurrence of disastrous floods 
within the last few years has emphasized 
the importance of accurate flood warnings. 
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BPBOIAL BENEFITS DEBITED FBOM 
BEPOBTS AND WARNINGS. 

While the value of the bureau's reports 
and warnings to many interests is so ob- 
vious as scarcely to need more than the 
brief mention already given, there are 
numerous special applications of the in- 
formation to individual pursuits and in- 
dustries that might not have been 
suspected. An account of some of these 
may lead to an increased use of the data 
in quarters where the possibihty of their 
apphcation has not yet been recognized, 
and additional details of the manner in 
which the information is utilized in a 
number of enterprises will doubtless be 
found of interest. 

The railway and transportation com- 
panies make continued use of the fore- 
casts in all of their shipments. Perishable 
products are protected against tempera- 
ture extremes by icing or heating, as 
conditions may require. Oftentimes 
shipments of perishable goods are accel- 
erated when it is found possible to carry 
them to their destination in advance of 
the expected unfavorable temperature 
conditions. When this can not be accom- 
plished, goods en route are run into 
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roundhouses for protection. An advance 
notice of a cold wave will also often hold 
up a contemplated shipment until after 
the freeze has passed, and if the cold is 
protracted the companies will refuse to 
receive consignments of goods likely to 
he injured by low temperatures. These 
precautions apply in some instances to 
prospective temperature changes within 
comparatively narrow Umits. Bananas, 
for example, require very careful handling 
and must be kept at a temperature of 
58° to 65° during shipment, as a tempera- 
ture below 55° chills the fruit sufficiently 
to cause a deterioration in quahty, while 
a temperature above 65° inside the car 
will produce overripening. As bananas 
generate heat rapidly after being placed 
in the car, the problem of maintaining 
the requisite temperature becomes a deh- 
cate one, involving careful ventilation 
and a study of actual and expected tem- 
perature conditions along the entire line 
of transit. 

Similar precautions, based on the in- 
formation of the daily forecasts and sup- 
plemented by a study of the daily 
weather map, apply to shipments of 
vegetables, fruits, eggs, and other pro- 
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ducts liable to damage from extremes of 
temperature. On the other hand, most 
meats are best shipped in cold weather, 
although the use of refrigerator cars pre- 
vents losa, and the shipment of live hogs 
and cattle by freight is avoided, if possi- 
ble, when a hot wave is expected. High 
temperatures are also hurtful to certain 
other shipments, especially of fish and 
oysters, so that the question of the proper 
amount of ice to be used is intimately 
connected with the forecasts issued by 
the bureau. The daily forecasts and the 
reports of general weather conditions 
likewise assist in determining the points 
to which many shipments of perishable 
articles are directed, in order to meet the 
irregular demands that are frequently 
dependent upon the kind of weather that 
prevails in a given section. The move- 
ment of egga kept in storage, for instance, 
is lai^ely regulated by temperature 
changes, the announcement of a cold 
wave being usuaJly followed by brisker 
shipments from western supply districts 
to the eastern markets, in anticipation of 
a rise in prices. Temperature forecasts 
and cold- wave warnings are closely 
watched by brewers, wine makers, and 
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manufacturers of soft drinks. Wine 
Bhipments are usually withheld until dan- 
ger from cold is past, as a slight frosting 
causes the tartaric acid in wine to crys- 
tallize and precipitate. Many brewers 
hold their beer shipments when the dis- 
tance to be traversed is more than 60 
miles and a minimum temperature of 20° 
is anticipated. 

The uses made of temperature fore- 
casts in the cities are more varied than is 
generally supposed. With notice of an 
approaching cold wave greenhouses are 
closed and boilers fired. Preparations 
are at once made by heating and lighting 
plants, whether gas, electric, steam, or 
hot water, to meet the increased demands 
that will follow. Fire plugs, exposed 
mains, and general plumbing are pro- 
tected. Large stockyards drain their 
mains. Gasoline engines are drained. 
Work in concrete is stopped. Brewing 
companies take care of exposed ammonia 
condensers and water connections. 
Street railway companies arrange for 
more heat in their cars. Natural-gas 
companies turn a latter amount of gas 
into their lines to provide for increased 
consumption. Merchants curtail adver- 
pat' roTtr 
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tisements or direct attention largely to 
cold-weather articles. Oyster dealers 
lay in a larger stock. CoaJ dealers sup- 
ply partial orders to all customers need- 
ing fuel, instead of fuU orders to a few, 
and thus serve all of their patrons. Ice 
factories reduce their output. The 
dredging of sand and gravel ceases, and 
iron ore piled up for shipment is placed in 
the holds of vessels, to prevent the wet 
masses from freezing solid. Charity or- 
ganizations prepare to meet increased de- 
mands for food and fuel, and thus mini- 
mize suffering among the poor. 

In the agricultural districts the frost 
and cold-wave warnings are invaluable to 
the trucker and fruit grower, especially in 
the spring, when the tender vegetables 
are protected by covering with paper, 
cloth, or soil, and fruit is safeguarded by 
smudging, irrigation, or other methods 
designed to maintain the temperature 
above the danger point. In the fall 
these warnings are utilized in the cran- 
berry regions by floodii^ the bogs until 
after the cold weather has passed or dan- 
ger of frost is over. Many crops, such as 
beans and grapes, are saved by being 
picked in advance of the freeze, while to- 
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bacco and unmatured com are cut at 
once upon advance notice of damaging 
cold weather. Potato digging is sus- 
pended and the dug potatoes removed 
from the field, and sugar cane is cut and 
windrowed upon receipt of such advices, 
immense saving having resulted in the 
sugar districts of Louisiana as a result of 
such action. The expected duration and 
severity of freezes govern operations in 
the ice harvest. If the cold is to be pro- 
longed the icemen await the desired 
thickness, but otherwise the cutting will 
be hastened in order to secure the best 
possible returns under the circumstances. 
Forecasts in spring are helpful in the 
maple-sugar industry, as the collection 
and boihng of the sap are more or less de- 
pendent upon the coming conditions. 
The temperature forecasts are also largely 
utilized by farmers in the killing of hogs, 
by sheepmen at lambing and shearing 
time, and by stockmen in general at 
critical seasons of the year. 

In the raisin-growing districts of Cali- 
fornia rain forecasts are of great value. 
The raisin crop while drying is extremely 
susceptible to injury from rain, and the 
warnings enable the producers to protect 
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the fruit by stacking and covering the 
trays. The accuracy of the rain fore- 
casts for this region and the system for 
their distribution have been so complete 
that practically no loss from this cause 
has occurred. for years. Rain forecasts 
are also utilized in the large fruit-growing 
districts to enable picking in advance of 
rains, so that the fruit can be shipped 
dry. Vegetables dug in dry weather are 
also shipped in better condition than 
those upon which rain has fallen after 
they have been taken from the ground. 
Broom com is liable to damage from rain 
if left in the field. Much saving has re- 
sulted from consulting the forecasts in 
alfalfa cutting, since the alfalfa hay can 
be baled in the field if dry, but if baled 
wet it will spoil. The same benefits de- 
rivable from rain forecasts apply to 
alfalfa cut for seed, since a heavy fall of 
rain upon the crop, after cutting, ruins 
its commercial value. Lime, cement, 
brick, drain tile, and sewer-pipe material 
all require protection from rain during 
the process of manufacture, and cement 
work must be protected from rain for 24 
to 48 hours after the cement is laid. 
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The rain forecasts are used by con- 
tractors in their roofing work. Photo- 
graphic firms working on a lai^e scale 
find them helpful in planning for pano- 
ramic views. City departments deter- 
mine the number of teams needed in 
street sprinkling, railroad companies 
guard against washouts, and irrigation 
companies control the output of water 
by expected conditions of rainfall as 
given in the forecasts. Physicians use 
them in advice to patients suffering with 
tonsiUtis or inflammation of the throat, 
nose, or ear, where it is expedient that 
the sufferer should be kept indoors. 
They are also used by dentists, many of 
whom make appointments for bright 
days and reserve their plate work for 
days with inclement weather. A knowl- 
edge of temperature and moisture condi- 
tions in advance is of assistance in 
blast-furnace operations in determining 
the quahty of the output. Warnings 
of heavy snows are very valuable to 
raihoads by enabling them to oi^anize 
their snow-fighting equipment and to 
reduce the tonnage of their freight and 
passenger trains, if considered necessary. 
They are also nece^ary on the great 
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western ranches and plains, where the 
stock is hurried from the ranges to 
shelter upon notice of bhzzards, northers, 
or heavy snows. Forecasts of bad 
weather, whether resulting from low 
temperatures, heavy rains, heavy snows, 
or a combination of these, are used in 
regulating advertising, in arranging for 
automobile or other outdoor trips, in 
providing for indoor work on the farms, 
and in guarding school children from 
exposure to the elements. 

Some special uses of the storm warn- 
ings are found in the measures adopted 
to protect property and crops subject to 
inundation from high tides or backwater 
blown up by the winds. In advance of 
a predicted storm, rice planters flood 
their crops to prevent the straw from 
being broken by the winds. Agents of 
marine insurance companies refrain from 
insuring cargoes after a storm has been 
predicted. Fishermen take steps to pro- 
tect their boats and nets. Lumbermen 
make their standing booms secure and 
regulate their log towing. At lake ports 
vessels load hurriedly if they can get 
oil 2 to 5 hours in advance of offshore 
winds; if snow is also expected, a start 
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of 7 to 18 houra is necessary. Consider- 
ing the cost of operating a vessel whether 
standing or moving, a day saved from 
idlene^ in the harbor means an appre- 
ciable saving in expense. 

Flood warnings are indispensable to 
all river industries, as well as to the 
operations carried on in the lowlands 
subject to inundation. Their issue is 
followed by the removal of cattle from 
bottom lands and by the saving of such 
crops as can be cut before the high water 
reaches the threatened district. Fore- 
knowledge of expected river stages is 
also of great advantage in determining 
whether or not it will be advisable to 
undertake farming operations in the 
regions subject to overflow. The warn- 
ings enable fishermen to remove their 
fishing gear from the water, so as to 
avoid damage from the driftwood and 
logs that are brought downstream by 
the rise, and to devote their energies to 
gathering this drift for sale. 

Along the river streets of many cities 
the basements of warehouses and other 
buildings are submei^ed at high water; 
accurate river forecasts enable the busi- 
ness men to postpone moving their 
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goods to the upper floor until the last 
moment, and often prevent the needless 
expense of such a transfer in cases where 
it is known that the flood crest will be 
below the point at which their basement 
stock would be imperiled. The warnings 
enable dealers to save wood and ties 
piled along the river banks. High 
stages of water are frequently utilized by 
coal barges, enabling the cargo to be run 
aground at a desirable point at flood 
height, and then unloaded at leisure after 
the river falls. Navigation companies 
utilize them in arranging for the transfer 
of their offices and landing places from 
lower to upper docks. A knowledge of 
slight rises is often of great value, as a 
small swell frequently permits large 
movements by water. Lumbermen cut 
much timber in the swamps and along 
the streams during low water, looking to 
the rises to carry out their logs; advance 
information of coming stages enables 
them to have everything in readiness to 
prosecute their work without loss of 
time when the favorable conditions arise. 
During rising water those in charge of 
locks, dams, and levees are alert to the 
need of strengthening and protecting the 
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property under their care; exact fore- 
castiag guides their operations as to 
time, place, and amount of protection, 
or may save them from expending 
money and effort in protective measures 
that will not be required. 

During flood periods seiners and gill 
netters are guided by the river forecasts 
in determining what class of gear to use 
to obtain the best results, as different 
kinds are needed for different stages of 
water. Fishermen in the Columbia Riv- 
er claim that the water stage seems to 
have some effect on the entrance of 
salmon from the ocean, and that, by 
watching the river forecasts, a spurt in 
the run of fish can be predicted with a 
fair degree of accuracy. Forecasts of 
low river stages are not without con- 
siderable value to some interests. When 
the stage falls below a given height many 
water-power plants have their supply cut 
off; with ample notice, they can have 
their auxihary steam plants ready for 
use, and thus continue their business 
without interruption. Dock building, 
pUe driving, dredging, and repairing are 
largely done during low-water stages, 
previous notice of which enables engi- 
neers to arrange for such operations. 
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Among the miscellaneous uaes of the 
"various classes of forecasts are their ap- 
plication to the manufacture of certain 
articles where slight changes in tem- 
perature, moisture, and other weather 
elements have been found to affect the 
quality of the product. This is true of 
certain stages in the manufacture of 
bluing, varnish, oils, cement, lime, bricks, 
paper, photographic supphes, chocolate 
candies, and some a<;ids. They also 
serve usefully the plans of public amuse- 
ment companies, excursion enterprises, 
awning companies, and those engaged in 
outdoor painting. 

The daily maps and bulletins and the 
general bulletins and reports containing 
statistical data are utilized in many 
ways by the pubhc. Grain and cotton 
brokers are guided lai^ely by the fore- 
casts in their operations, but need the 
daily report of current weather condi- 
tions as well in their business transactions, 
while in a less degree the retailer and 
the small farmer can also use the same 
information to advantage. Data of at^ 
mospheric pressure are used in tests of 
boilers, radiators, and automobiles, and 
in studies of the amount of fuel required 
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to drive engines under varying atmos- 
pheric pressures. Statistics of wind force 
and direction assist in the installation of 
water-supply s^tems to be operated by 
windmills, in determining the origin of 
fires resulting from flying sparks, the 
pressure to which large buildings will be 
subjected under stress of heavy storms, 
and the surface movement of lake waters 
in connection with the disposal of city 
sewage. The humidity records are used 
by silk and candy manufacturers, in 
tuberculosis investigations, and in studies 
of the loss of electric current in high- 
voltage transmission. 

Data regarding rainfall and snowfall 
are extremely useful in planning irriga- 
tion enterprises and selecting reservoir 
sites, and are studied in connection with 
the construction of waterworks, bridges, 
culverts, and sewers. River data are 
utilized by filtration plants in guiding 
their methods of chemically purifying 
the water used for drinking purposes, as 
the conditions of the raw-water supply 
as regards bacteria content and turbidity 
are greatly affected by the height of the 
river and the amount of rainfall. They 
are also necessary in studies of stream 
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flow, dredging operations, the location 
of wharves, the construction of dams, 
and in practically every phase of bridge 
building, levee work, and general river 
improvement. Weather maps are used 
by business men generally, by aero clubs 
in studies for flights, and by school 
teachers in class instruction. 

The miscellaneous climatological data 
are used in medical and scientific studies 
of the relation of weather to diseases and 
other conditions of health, life, or human 
pursuits; by railroad companies in the 
adjustment of claims and demurrage 
chaises; by homeseekers; by invalids in 
search of health resorts; by irrigation 
investigators; by contractors and bufld- 
ers in settling labor accounts; by mer- 
chants in studies of the relation of the 
weather to their daily sales; by gas and 
electric l^ht companies in showing their 
customers the relation of their montUy 
hills to the varying hours of daylight at 
different seasons of the year; as adequate 
testimony in court proceedings; in dry- 
farming investigations; in studies of soil 
culture, practical agriculture, and the 
life and migration of insect pests; in 
plans for the development of the arid 
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regions; in the preparation of historical 
records; by bond and investment com- 
panies in determining the loan values of 
farm lands in newly opened countries; 
in short, in nearly every calling in which 
the weather plays any part. 

Many more uses of the warnings and 
reports might be cited, but those already 
given — all of which are taken from per- 
sonal letters received at the central office 
of the Weather Bureau or at its field 
stations — ^wiU suffice to show the extent 
to which they are utihzed by the public 
in the practical everyday affairs of life. 

EXTENSION OF FORECAST PERIOD. 

Within the last few years the area 
from which meteorological reports are 
received daily by telegraph and cable 
has been extended to cover practically 
the entire Northern Hemisphere. By 
means of the greater survey of atmos- 
pheric conditions afforded by these re- 
ports it is possible to forecast important 
weather changes for a week in advance 
with a fair degree of accuracy. Ovnng 
to the discontinuance of reports from the 
countries at war ike issue of weekly fore- 
casts has been sttspended unlU the close of 
the conjlict. 
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FORESTS AND STREAM FLOW. 

A special study to determine the effects 
of forest cover on the flow of streams is 
being made at Wagon Wheel Gap, Colo,, 
in cooperation with the Forest Service. 
Measurements of meteorological condi- 
tions and of stream discharge in two 
forested watersheds are now being made. 
When the relation between the two 
streams has been established for forested 
conditions, one of the watersheds wiU be 
denuded and the studies continued. The 
resulting change in the relation between 
the streams will be a measure of the 
value of a forest as a controlling factor 
in run-off. 

RESEARCH WORK. 

Aerology. — Upper air observations by 
means of kites, captive and free balloons 
have been in progress for the past seven 
or eight years. The kite and captive 
balloon work has been done at Mount 
Weather, Va.; the free balloon work at 
Omaha, Nebr., Indianapolis, Ind., Huron, 
S. Dak., and Avalon, Cal. In the future 
the work previously done at Mount 
Weather will be continued at a station 
near Omaha, and probably at other 
points in the Middle West. 
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It is hoped that these and closely 
related investigations may lead to the 
further solution of problems in dynamic 
meteorology and give more detailed in- 
formation than now available concern- 
ing the general circulation of the free 
air. Some progress has already been 
made in this direction. All results so 
far obtained at Mount Weather and at 
stations in the Middle West have been 
published in the Bulletin of the Momit 
Weather Observatory. Those obtained 
in southern California have appeared in 
the Monthly Weather Review. 

The value of this aerological work does 
not he so much in the current use of the 
data, though many of the observations 
are individually useful, as in the light 
thrown by these data on the whole sub- 
ject of dynamic meteorology. Data are 
therefore obtained and grouped in such 
a way as to illuminate particular prob- 
lems. In turn, these considerations gov- 
ern, so far as practicable, the place and 
time of the observations. 

Solar radiation. — This research has for 
its object the measurement of the solar 
radiation received at the surface of the 
earth at different seasons of the year and 
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under different atmospheric conditions, 
and the improvement and standardiza- 
tion of apparatus employed in such 
measm-ements. Observing stations for 
measuring the intensity of direct solar 
radiation are maintained at Washington, 
D. C, in cooperation with the American 
University; at Madison, Wis., in cooper- 
ation with the University of Wisconsin; 
at Lincoln, Nebr., in cooperation with 
the University of Nebraska, and at the 
Weather Bureau office, Santa Fe, N. 
Mex, At Wasliington and Madison con- 
tinuous records are also obtained of the 
total radiation received from the sun 
and sky. At Washington, from the 
middle of March to the end of August, 
the heat energy so received per square 
yard of horizontal surface, on a clear 
day, is equivalent to at least 4 kilowatt 
hours, and in midsummer it is equiva- 
lent to 5 kilowatt hours. 

The study of solar radiation is of fun- 
damental importance to meteorologists, 
since all atmospheric movements, and 
in consequence all weather changes, as 
■well as the purely solar climatic varia^ 
tions, are dependent upon the heat re- 
ceived from the sun. 
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SEISMOLOGY. 

The Weather Bureau has recently been 
authorized by Congress to make investi- 
gations in seismology, and, accordingly, 
earthquake records, both instrumental 
and noninstrumental, are systematically 
collected from all parts of the United 
States and studied. This data, entirely 
apart from its great scientific interest, has 
many important practical applications. 
It is expected that the bureau will be 
able in this way gradually to find and to 
map those numerous breaks and weak 
vertical seams in the earth's crust along 
which abrupt slipping and sliding (the 
cause of nearly all earthquakes) most 
frequently occur, and therefore greatly 
to reduce earthquake damage by the 
simple and obvious method of avoiding 
all dangerous places in locating dams, 
aqueducts, bridges, houses, and other 
important structures. 

EMPLOYEES. 

The conduct of the regular stations of 
observation outside of Washington re- 
quires the constant services of more than 
600 employees, and the business of the 
central office at Washington of nearly 
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200 employees. The annual disburse- 
ments of the bureau amount to about 
$1,000,000. 

Appointments to positions in the 
Weather Bureau are made only after ex- 
amination and upon certification by the 
United States Civil Service Commission. 
Original appointments are to the lowest 
grades; promotion to the higher salaried 
grades depends upon ability in the dJa- 
chai^e of duty. Applicants for positions 
should communicate direct with the 
, United States Civil Service Commission, 
Washington, D. C, relative to the regu- 
lations governing examinations and the 
time and place of holding them. 

The numerous offices of the bureau 
throughout the country are always open 
during business hours, and the pubhc is 
cordially invited to visit them and avail 
itself of the information contained in the 
records there on file. 
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